The paper presents a new semi destructive method for obtaining a prediction of the tension parallel to the grain properties of clear wood of structural timber members. This method is less 2 intrusive than other existing methods and consists in extracting four small specimens along the length of the timber members. The tension strength and stiffness obtained is intended to be used as input data for the assessment of timber members in situ. Since the method only provides information regarding clear wood, it will have to be used together with other non or semidestructive methods that could accommodate the effect of defects on the loss of clear wood properties. The validation of the method was carried out by a comparison with results obtained from a standard method used for determination of clear wood properties. The results show a good agreement between stiffness values but a medium agreement in the case of tension strength.
Introduction
The assessment of the structural performance of existing timber structures is strongly dependent on the capacity to evaluate in situ the physical and mechanical properties of timber elements.
Current in situ evaluation is made through the visual assessment of the quality of timber elements (identifying the wood species and their features) having as reference a Visual Strength Grading Standard (VSGS). This procedure leads to the allocation of characteristic strength values or allowable stresses to the timber members. These values can then be modified taken into consideration the load and moisture history of the structure and also its status of conservation (biological and mechanical deterioration). This general process is followed by the Italian standard UNI 11119 [1] . This same standard makes reference to a possible use of non-destructive techniques (NDT) but it does not indicate the available NDT and in what way they could assist in the definition of the mechanical properties of timber elements.
It is usually accepted that the application of VSGS and of structural design codes intended for new constructions assures over conservative serviceability and safety confidence levels [2] . This approach frequently leads to the demolition or to undertake heavy strengthening (often nonreversible) of timber structures even in cases where no deterioration signals exists and the structures are in service for more than 100 years. This result is critical for historic timber structures where the safety concerns balance with the principle of the conservation of cultural heritage.
The application of VSGS could also deliver unsafe characteristic values in some particular cases (adoption of VSGS developed for other wood species or from wood species with a different provenance) [3] . VSGS along with other available non-destructive methods evaluates the strength and stiffness indirectly by using the correlation between parameters as sound time-offlight or knot's dimension and the mechanical properties of timber.
A procedure for the prediction of the bending behaviour of timber in service using different nondestructive methods was proposed [4] . This procedure applies the concept that assumes a timber member as a heterogeneous element composed of clear wood and weak wood zones (defined by the presence of knots) [5] . More recent results indicate the usefulness of having semi-destructive methods that could validate the results obtained from the usual non-destructive methods [3] .
The need to get more reliable data on the real strength capacity of timber elements was the basis for the studies on semi-destructive or low-destructive methods carried out so far [6] [7] [8] [9] . These methods do not estimate but instead actually measure the strength and stiffness of wood by destructive testing of small samples removed from the structural element.
Semi-destructive tests were developed for determining the Young's Modulus and the compression strength along the grain of clear wood [6, 8] . These methods use cylindrical wood 4 cores extracted from the timber elements. The samples are then subject to a diametric compression along the grain. A coefficient of determination of 0.89 and 0.76 was obtained between cylindrical specimens (cores) and ASTM standard clear wood specimens, respectively for compression strength and modulus of elasticity parallel to the grain [6] , respectively. This method is relatively easy to perform using a drill-borer and does not affect the mechanical behaviour of the element since it involves the extraction of a small amount of wood material.
However the method requires a careful adjustment of force and grain directions since any slightly deviation can significantly affect the results obtained.
Other authors present a semi-destructive method to determine the tension behaviour of timber elements [7, 9] . This method is based on the extraction of a small piece of wood by means of two diagonal cuts along the grain of the timber element. As a result a prismatic specimen with 3 to 8 mm (side dimensions) is obtained. The ends of the specimen are glued to grooved wooden blocks to reduced the effect of clamping and the specimen is tested in tension, being registered the Young's Modulus and the tension strength. The comparable cross-sectional area of the semi-destructive specimen and the ASTM tension specimen led the authors to conclude that no correction was necessary (assumed a unitary coefficient of determination). The application of this method to structural timber members in service implies the use of a thin-kerf saw blade to carry out the cuts along the grain. The weight of equipment and its operation in-situ are two of the setbacks of this method. Also it is not easy to obtain a constant angle between parallel cuts, necessary to get a prismatic section with a minimum removal of wooden material. Another setback is the difficulty in coping with wood variability, since the cross-section of the test pieces only includes a small proportion of the growth rings that exist in a structural timber cross-section [10] . This setback could be minimized by extracting and testing more specimens. However the size of the test pieces limits the number of pieces that could be extracted from the structural members.
When comparing results from test pieces of different dimensions it should be taken into account a possible size effect. The reduction of wood mechanical properties as wood element dimensions increase supports the different studies that have been carried out on size effect [11] . Most of the studies assume a weakest-link model, where rupture takes place at the weakest point along the length of a test element. As the size of the wood element increases the probability of occurrence of a weak point increases. This model seems suitable when considering the brittle behaviour of wood subject to tension parallel to grain. Although the size effect have to be taken into account when comparing results from small clear wood samples, the need to consider it for structural dimension test pieces (containing knots and other gross defects) are not so clear [12] .
The present paper presents a new semi-destructive method to assess the tension behaviour of clear wood zones of structural members. The prediction capacity of this method is studied by comparing the results from the new method with the results obtained from a standard test method, used for the determination of the tension parallel to the grain properties of clear wood in the laboratory. The hypothesis tested was that the results obtained using the average result of four mesospecimen were not significantly different from the result obtained using a standard specimen. The comparison study included two different wood species (one hardwood and one softwood) commonly found in timber structures in Portugal.
The data obtained is intended to be used in combination with information provided by other non and semi-destructive techniques for predicting the mechancial properties of timber structural members in service [3] . The wood sample is then prepared to obtain a specimen with a shape analogous to that used in tension tests of polymeric materials (dumb-shell-shaped) [13] . The modifications made to the dimensions stated in EN ISO 527-2 [13] had in mind: the application of the strain gauge in the middle of the element; the tension grips available; and the necessity to have grip areas long enough to avoid slip and to reduce as much as possible the wood crushing at the jaws areas. The nominal dimensions of the specimens are presented in Figure 2a ). The small cross-section of the 7 specimens at the testing zone (uniform cross-section -10 x 5 mm 2 ) makes the test to be carried out at growth ring's scale. For this reason the specimens are thereafter called mesospecimens.
Regarding the representativeness of the test results two aspects should be taken into consideration:
1. the method only represents the tension properties of the external layer of the timber members at a particular location in the beam. To deal with the lengthwise variation of properties it is proposed that at least four mesospecimen should be taken from a beam.
Regarding the variation in the cross-section this should be checked by using other semidestructive methods (e.g. drilling resistance or extraction of wood cores);
2. The method only gives information about the tension properties of clear wood zones.
Therefore this method is not intended to be used as a standalone method but instead to be used in combination with information obtained from other non or semi destructive methods [3, 4] . Namely, the prediction of the global behaviour of these members has to consider not only the clear wood properties but also, and often predominately in the case of strength, the information obtained from the visual appraisal of defects (knots, slope of grain, etc.).
Experimental work

Materials
The comparison of the application of the meso and standard specimens was made using two different wood species, a softwood and a hardwood. Maritime pine (Pinus pinaster Ait.) is the major source of wood raw material in Portugal [14] . This species has been mainly used in timber 8 structures found in the central and south part of Portugal. Chestnut (Castanea sativa Mill.) is usually found in old timber structures located in the north of Portugal.
From each wood species twenty-five timber planks were collected from the sawnmill. In each plank one standard specimen and four mesospecimens were obtained. The mesospecimens were obtained by extracting wood samples along the four arris (between face and edge) of the timber plank. Afterwards a standard specimen was cut close to the surface of the plank and as close as possible from the location of the mesospecimens.
An ordinary electric jig saw machine oriented at 45º was used, with the steel base fully supported in the surface of the member in order to assure a stable cutting process. The extracted prismatic piece was then prepared to obtain a regular shaped specimen.
The standard clear wood specimen for tension parallel to the grain was prepared following the dimensions and geometry proposed by the Brazilian standard NBr 7190 [15] , Fig. 2b ).
Before performing the mechanical tests all specimens were placed in a climatic room (20 ºC  2 ºC temperature and 65 %  5 % relative humidity) until a variation of weight inferior to 0.1 % in a interval of six hours was observed.
Tension tests
Tension tests were carried out using a Shimadzu mechanical universal testing machine equipped with a load cell of 250 kN capable of measuring the load applied with an accuracy of 1 %. The grips consisted of mechanical wedge-shaped jaws providing an automatic increase of the clamping pressure as the longitudinal tension load increases. One MFA 25 extensometer with an accuracy of 0.5 % were used for measuring the strain in the central segment (uniform crosssection) of the specimens, gauge length of 50 mm. Fig. 3 and Fig. 4 show some details of meso and standard specimens under tension testing, respectively.
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The tension tests were carried out under deformation-control at a rate of 1.50 mm/min for the mesospecimens and 4.00 mm/min for the standard specimens. The deformation rate was adjusted so that rupture took place in the interval 300  120 [16] . The tests were conducted inside a conditioning room showing the same standard environment used for conditioning the test pieces.
Therefore no adjustment for moisture content was applied to the tension results [17] .
For each specimen the tension strength (f t,0 ) and the modulus of elasticity parallel to the grain (E t,0 ) was obtained. The E t,0 was determined according with EN 408 [16] by applying a regression curve to the load/deformation curve between the 10% and 40% of the maximum load.
Data analysis
Regression analysis was carried out using the software STATISTICA [18] . The fitting of Lognormal cumulative distribution functions to tension strength and modulus of elasticity was achieved using the package Distribution Fitting Tool from MATLAB [19] . Lognormal distribution function was adopted for these two wood properties based in the probabilistic model code proposed by the Joint Committee for Structural Safety (JCSS) [20] . The goodness-of-fit of the curves was assessed using the Anderson-Darling test. This test was chosen since, by comparison with other test as the Kolmogorov-Smirnov test, it is fitted to compare small samples and also is more sensitive to tails.
The evaluation of the significance of the coefficients of determination (r 
In Eq. 1 SS represents the regression residual sum of squares, DF the degrees of freedom and indices p and t the "pooled regression" and "total regression", respectively.
Results and Discussion
Failure modes
Clear wood under tension parallel to grain presents four different failure modes [22] illustrated in Fig. 5 (types a to d) . A tension failure at or in vicinity of the jaws is also frequent and is mention in the present paper as failure mode (e). 
Representativeness of the sample
The capacity of a mesospecimen to predict clear wood tension properties (considering as reference the testing result from a standard specimen) can be affected by the significant difference in cross section dimensions of the two types of specimens. The different volume of material (number of growth rings) under testing can affect the representativeness of the results provided by the mesospecimens, Fig. 7 . This bias could be estimate by evaluating the number of latewood rings (pine) or the number of earlywood rings (chestnut) included in the cross section of both types of specimens. The choice of growth rings in each species is based on the fact that differences observed in the growth ring's width, and therefore density, are related with variations in the width of earlywood (pine) or latewood (chestnut) rings [23] .
For maritime pine a modulus of elasticity in tension parallel to the fibers a ratio earlywood/latewood of 0.82 and 0.49, for a "cambial age" of 2 to 4 years and an age of 8 to 10
years, respectively, can be observed [24] . From these results it can be expect, for mature wood, that latewood could show a modulus of elasticity double of the one presented by earlywood. For chestnut the earlywood volume of ring-porous hardwoods has a relatively high proportion of vessels with a minimum contribution to the mechanical strength and stiffness of wood material.
Therefore at the meso scale (growth ring) the results are more sensible to the variation between earlywood and latewood properties. The mesospecimens shown on average three latewood rings in the case of pine and one earlywood ring in the case of chestnut whereas the standard specimens shows an average of fourteen and seven, respectively. These differences represent a volume (representativeness) effect. To compensate this effect it was extracted from each plank four meso and their average tension strength and stiffness compared with the result obtained from one standard specimen (ratio 4:1).
Results for maritime pine wood
An overview of the experimental results obtained for maritime pine wood is presented in Table   1 The mesospecimens show however a significantly higher mean strength value than the standard specimen. This can be the result of a size effect; higher volume of wood increases the probability that a weak point (defect), not detectable at the naked eye, could exist, with direct influence on the ultimate load capacity of the specimen. The significant difference between mean tension strength values for the two different types of specimens (meso and standard), Table 1 , indicates that some precautions should be taken when using the results from mesospecimens. The coefficients of determination now achieved are significantly lower if compared with results obtained using wood core specimens in compression [6] . However a direct comparison could not be done since a different stress mode was involved compression and also the regression included five different wood species, enlarging in this way the range of stiffness and strength values which tends to have a positive impact in terms of coefficient of correlation (or determination).
In the present case the significant value of the intercept coefficient in the regression curves shows the need to consider the correction of the mesospecimens results using the conversion equations given in Fig 10. 
Results for chestnut wood
The results for chestnut wood specimens are presented in the same manner as for maritime pine specimens. In general the results obtained for chestnut follows the same pattern already observed for maritime pine wood specimens, Table 3 . The modulus of elasticity is similar for the two types of specimens but a significant higher rupture value is once more observed for the mesospecimens as was already observed in the case of maritime pine specimens.
The coefficients of variation are larger than the ones observed for maritime pine. However, and once more, the variability between the results obtained for meso and standard specimens are similar. Also by taking for each test piece the average of the results obtained for the four mesospecimens a very slight improvement is observed in terms of variability (lower coefficient of variation).
From the fitted Lognormal distribution the characteristic values (five percentile) were determined, Table 4 . The Anderson-Darling tests did not reject the fitting of the Lognormal distribution (p-value > 0.05) to all the curves. A 0.95 modulus of elasticity ratio between meso/standard characteristic values was obtained, a better relationship than the one found for maritime pine wood specimens. As regards strength the ratio increases to 1.22, but clearly lower than the one found for maritime pine.
In terms of correlation between meso and standard specimens, the results are clearly superior to the ones obtained for maritime pine wood. These results can be due probably to the increase of variability already mentioned. A high correlation (r 2 = 0.67) was achieved in the case of the modulus of elasticity, Fig. 12(b) . A considerable lower correlation was obtained for tension strength (r 2 = 0.45), Fig. 12(a) . This last result is clearly superior to the one obtained for maritime pine wood (r 2 = 0.25), Fig. 10(a) .
These results confirm the conclusions of the regression analysis carried out for maritime pine.
The mesospecimens can therefore be used for assessing the modulus of elasticity of clear wood zones. As concerns tension strength some precaution should be taken.
Combining maritime pine and chestnut wood results
Though maritime pine and chestnut are the wood species most often found in historic timber structures in Portugal, other species (e.g. Pinus palustris Miller, Quercus sp., Pinus strobus L.)
can also be found. With the purpose of assessing the possibility of extrapolating the results obtained to other wood species, the effect of combining in a same sample the results from pine and chestnut was analysed. The importance of establishing the existence of a general regression 15 curve, applicable to several wood species, is related with the fact that is not feasible to verify the concomitance between standard and mesospecimens results for all possible wood species. Also it is not feasible to extract standard specimens from structural elements in situ for making local verifications.
Before merging the results of the two wood species, a test for verifying the equality of the regression curves, obtained for pine and chestnut, was carried out using the statistic shown in Eq.
1.
The application of the statistical test resulted in a F value equal to 5.558 which rejects the null hypothesis of coincidental regressions at a significance level of 5% but accepts at the level of 1%. Considering this result the merging of the two wood species results was done. As expected it was observed an increase of the correlation between meso and standard specimens, both in terms of strength and modulus of elasticity. Concerning modulus of elasticity, the high coefficient of determination considering the two species as one sample (r 2 = 0.75) is superior to those obtained for maritime pine (r 2 = 0.53) and chestnut wood (r 2 = 0.67) alone. For tension strength the coefficient of determination is also higher (r 2 =0.50) than the ones obtained for each wood species individually (maritime pine -0.25 ; chestnut -0.45) and can be now classified as medium.
Conclusions
A new semi-destructive method for assisting in the definition of the mechanical properties of timber structural elements in-service is presented and discussed. The method is based on the testing of small tension specimens called mesospecimens. The mesospecimen method is not intended to be used as a standalone method, namely additional information to clear wood properties shall be provided regarding the presence of defects (knots, slope of grain, etc.) and the level of conservation of the timber elements. The possible extrapolation to other wood species led to combine the result obtained for maritime pine and chestnut. The combine regression curve shows an increased of the coefficient of determination (0.50 and 0.75 for tension strength and modulus of elasticity, respectively). 
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